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MONITORING SYSTEM AND METHOD USING RULES 
TECHNICAL FIELD 

[0001] The present invention relates generally to a method and 
apparatus for monitoring, and more particularly, to a method and 
apparatus for monitoring based on rules and/or sets of rules. 

BACKGROUND OF THE INVENTION 

[0002] Monitoring a subject can be a difficult task that may involve the 
interpretation of multiple data. Further, many different people may 
disagree on the proper conclusion based on the data. For instance, one 
interpretation of the data may suggest that the values are not typical, but 
are not abnormal either, whereas a second interpretation may suggest 
that an abnormal condition does exist. Further, one group may feel that a 
particular situation may be identified based on one set of data, whereas 
another group might identify the same situation using different data, or 
giving different weight to the different portions of the data. A monitoring 
system that would allow multiple interpretations to be made would be 
preferable. A monitoring system that displays each of the multiple 
interpretations to a user would be more preferable. 

[0003] Also, a group of people writing one set of rules may be known 
as experts in one field, but may not be as experienced in another. 
Further, different groups may have different philosophies for treating 
patients, thus, given the same data, different groups may suggest 
different treatment options. Also, one group's interpretation may be 
better suited to subjects with one set of characteristics, while another 
group's interpretation is better suited to a subject with a different set of 
characteristics (for instance children v. the elderly, etc). A monitoring 
system that allows different interpretations to be used in different 
situations would be preferable. 
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[0004] Additionally, proper identification of an abnormal condition can 
sometimes involve the values of one set of data in comparison to values 
of another set of data. These data must often be obtained from different 
sensors which may be monitoring the same characteristic using a different 
technique, or which may be monitoring a different, but related, 
characteristic. Any single interpretation of the data would preferably be 
able to use data acquired from multiple sensors such that some of the 
more complex relationships may be identified. 

[0005] While most clinicians possess sufficient training and experience 
to adequately interpret a plurality of variables, it places considerable effort 
and time constraints on the medical staff. Additionally, interpretation of 
the complex plurality of variables is often difficult. Further, some 
conditions are extremely rare and may not be known to every clinician, 
especially if the extremely rare condition is outside of their specialty. 
While a clinician can look up the condition and understand it on his own, 
emergency situations tend not to afford a clinician that opportunity. A 
system that could aid a clinician's interpretation of monitoring data would 
be preferable. 

[0006] The teachings hereinbelow extend to those embodiments which 
fall within the scope of the appended claims, regardless of whether they 
accomplish one or more of the above-mentioned needs. 

SUMMARY OF THE INVENTION 

[0007] A method and apparatus for patient physiologic monitoring is 
provided. The method includes receiving a real-time physiologic data 
stream from a patient. The real-time physiologic data stream includes a 
plurality of physiologic variables. The method further includes processing 
the plurality of physiologic variables using a rules engine. At least one 
interpretation of the plurality of physiologic variables is generated utilizing 
the rules engine. 
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[0008] Another embodiment is directed to a method for monitoring a 
patient. The method comprises acquiring data from the patient based on 
continuous monitoring, applying a rule-based algorithm based on the data, 
and generating a response based on the application of the algorithm. 
[0009] Another embodiment provides a method for monitoring a 
subject. The method comprises storing a plurality of rule-based 
algorithms that can generate different responses, determining which rule- 
based algorithm to apply, acquiring data relating to the subject from a 
sensor, applying at least one of the plurality of rule-based algorithms 
based on the data, and generating a response based on the application of 
at least one of the plurality of rule-based algorithms. 
[0010] An additional embodiment provides a method for generating a 
response relating to a subject. The method comprises acquiring data 
relating to the subject, applying a plurality of rule-based algorithms, and 
generating a plurality of interpretations of the data based on the 
application of the plurality of algorithms. 

[0011] Another embodiment is directed to a method for monitoring a 
subject. The method comprises acquiring data from more than one sensor 
coupled to the subject, applying the data to a rule-based algorithm, and 
generating a response based on the application of the data to the rule- 
based algorithm. 

[0012] Another embodiment provides a monitoring system using rule- 
based algorithms. The system comprises a data storage device 
configured to store rule-based algorithms, and a network interface 
configured to transfer rule-based algorithms across a network to the data 
storage device. 

[0013] An additional embodiment is directed to a method for monitoring 
a patient. The method comprises acquiring data from a monitor that is 
monitoring a patient, and suggesting a reason for an abnormal condition 
that is identified when the data is applied to a rule-based algorithm. 
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[0014] Other features of the present invention will become apparent 
when viewed in light of the detailed description of the preferred 
embodiment when taken in conjunction with the attached drawings and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGURE 1 is an illustration of a physiologic monitoring system in 
accordance with one exemplary embodiment of the present invention; 
[0016] FIGURE 2 is a flow-chart illustration of a physiologic monitoring 
system in accordance with another exemplary embodiment of the present 
invention; and 

[0017] FIGURE 3 is a flow-chart illustration of a subject monitoring 
system in accordance with another exemplary embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0018] Referring now to Figure 1 , which is an illustration of a patient 
physiologic monitoring assembly 10 in accordance with the present 
invention. The patient physiologic monitoring assembly 10 includes a 
controller 1 2 in communication with a plurality of patient sensors 1 4 in 
order to receive a real-time physiologic data stream 1 6. It is 
contemplated that the patient sensors 1 4 and real-time physiologic data 
stream 1 6 may encompass a wide variety of patient monitoring 
physiologic characteristics/variables 17. These variables include, but are 
not limited to, heart rate, arterial blood pressure, Sp02, CO2, respiration 
rate, and a variety of other patient physiologic responses. It should be 
understood that a wide variety of such responses and sensors 14 
designed to receive them are contemplated by the present invention. 
Similarly, a host of amplifiers, filters, and digitization elements may be 
utilized in combination with the sensors 1 4 as would be understood by 
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one skilled in the art. The controller 12 may be utilized in combination 
with a variety of interactive elements such as a display 1 8 and user 
interface 20 as would be comprehended by one skilled in the art. User 
interface 20 can be used to facilitate the transfer of rule-based algorithms 
to and from the system. For instance, user interface 20 may aid a user in 
obtaining a rule-based algorithm from within a health care facility's 
network (i.e. networks are often established within a doctor's office, a 
hospital, a hospital campus, a group of co-managed or affiliated facilities), 
or from a source outside the health care facility's network. Preferably, 
the transferred rule-based algorithms (rule 28 or rule set 26) can be 
written by different groups and be used interchangeably and/or in 
combination. 

10019] The controller 12 includes a logic 22 adapted to perform a 
plurality of functions as is illustrated in Figure 2. It should be understood 
that although the terms controller 12 and logic 22 are utilized in the 
singular vernacular, a plurality of individualized controllers 12 and logic 
elements 22 could be used in combination to practice the present 
invention and are contemplated as incorporated into the chosen 
vernacular. The logic 22 is adapted to receive a physiologic data stream 
including a plurality of physiologic variables 1 10 of the patient. The logic 
22 is further adapted to cross-reference the plurality of physiologic 
variables with a set of logic rules 120. The preferred embodiment 
contemplates the use of a data storage device 24 such as a rules 
database comprised of a plurality of logic rules 28 and rule sets 26. 
Within each logic rule set 26 is a plurality of logic rules 28. These logic 
rules 28 are comprised of diagnostic algorithms that allow the plurality of 
physiologic variables 1 7 to be correlated with a diagnostic interpretation 
30. By way of example, one physiologic variable 1 7 may indicate a drop 
in oxygen in a patient's blood. Another physiologic variable 17 may 
indicate the level of CO2 that a patient exhales is dropping as well. A 
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logic rule 28 can be adapted such that these physiologic variables 17 in 
combination correlate with a diagnostic interpretation 30 indicating a 
reduction in a patient's circulation. Although a single example has been 
provided, it should be understood that a wide variety of such logic rules 
1 7 are possible. Logic rule-based algorithms can be pre-assigned to 
particular sets, or sets can be modified by an individual user. For 
instance, a hospital or an individual clinician might have a preferred 
grouping of rules which can be applied as a set. Further, sets of rule- 
based algorithms may be classified based on an area of interest, such as a 
rule set which contains a plurality of rules designed to monitor the 
cardiovascular system. Further still, a set may include all of the rules in a 
particular database. Rules may be uniquely assigned to a particular set, 
there may be overlap of rules in some rule sets, a set may be controlled 
by a file which accesses the individual rules from a mass database of 
rules, a combination of these systems may be used, or some other 
system may be used. If there is overlap between sets, and multiple sets 
may be applied at a time, the logic may be adapted to identify redundant 
rules and to prevent the redundant rule from being applied. 
[0020] A potential advantage of this exemplary embodiment stems 
from the fact that the present embodiment stores a plurality of logic rules 
28 within each of the logic rule sets 26. This allows a plurality of 
diagnostic interpretations 30 to be provided to a clinician from the 
physiologic data stream 1 6. Thus, a clinician can be provided with 
alternate and differing interpretations that allow him to utilize his personal 
medical knowledge to choose the preferred interpretation, perform follow 
up examinations to deduce the preferred interpretation, and/or recognize 
the existence of more than one condition that may be manifesting itself 
within the patient. 

[0021] It is contemplated that the logic rule sets 26 may be organized 
in a variety of fashions such that a category of diagnostic logic rule-based 
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algorithms 28 may be selected. It is contemplated that the logic 22 may 
be adapted to select a set of logic rules from the rules database 1 30 (the 
logic is designed such that one or more rule-based algorithms may be 
applied at a time). This may be accomplished in a variety of fashions. 
One embodiment contemplates allowing the clinician to select the logic 
rule set 26 in accordance with the type of diagnostic monitoring desired 
for a given patient. Another embodiment, however, contemplates the 
logic 22 utilizing the physiologic data stream 1 6 and the physiologic 
variables 17 to select a logic rule set 26 or group of logic rule sets 26 in 
accordance with the physiologic variables 17 it finds itself receiving. 
Thus, only the logic rules sets 26 capable of, or best suited to, 
interpreting the available physiologic variables 17 could be selected; the 
logic rule sets to be applied would be based on the analysis of the data 
currently being made by one or more algorithms. 

[0022] The logic 22 is then adapted to generate a plurality of diagnostic 
interpretations of the plurality of physiologic variables utilizing the set of 
logic rules 140. Again, this generation of diagnostic interpretations 140 
can be based on a single set of rules 26 or a grouping of sets. The logic 
22 further displays the plurality of diagnostic interpretations 1 50. It is 
contemplated that the display may take on a variety of embodiments. 
One embodiment contemplates a display on the display element 18. 
Other embodiments contemplate a printed display or an entry into a 
patient's medical file. 

[0023] Another potential advantage of the present exemplary 
embodiment is that the logic 22 is adapted to allow a user to select a new 
set of logic rules from the rule database 160. Therefore, a clinician can 
utilize the monitor to generate a first plurality of diagnostic interpretations 
150. The clinician can additionally select a new set of logic rules 160 
and thereby generate a second plurality of diagnostic interpretations 150. 
This feature may be used for a variety of applications. This feature may 
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be utilized as an effective second opinion as compared to the first set of 
interpretations. Alternatively, follow up or additional concerns may arise 
from the first set of interpretations that may induce a clinician to require 
interpretations contained in an additional set of logic rules 26. By way of 
example, the aforementioned interpretation that predicted a decrease in 
circulation may give rise to a clinician to select a set of logic rules 26 that 
dealt specifically with cardiovascular interpretations. Thus, the second 
set of interpretations might provide a plurality of interpretations directly 
applicable to a patient's heart condition. In this fashion, a physician may 
be provided with a number of diagnostic interpretations 30, without 
subjecting the clinician to interpretations being made by algorithms that 
are not as relevant to the problem(s) with which the clinician is 
concerned. 

[0024] The present exemplary embodiment also incorporates flexibility 
in regards to the rules database 24 that increases both its accuracy and 
usefulness. The present exemplary embodiment includes the ability to 
modify a logic rule within a logic rules set 170. The term modify is 
intended to incorporate the ability to add, edit, or delete a logic rule 28 
within a logic rules set 26. This allows a clinician utilizing the present 
exemplary embodiment to advance the technology of the monitoring 
system 10 through the addition of his own expertise. If a clinician 
determines a diagnostic statement 30 arising from a logic rule 28 to be 
inaccurate or incorrect, the clinician can either delete the logic rule 28 in 
question or edit it such that it produces the diagnostic statement 30 in a 
manner that is more desirable. Similarly, if the clinician recognizes that a 
grouping of physiologic variables 1 7 should result in a particular 
diagnostic statement 30, the clinician has the ability to add that logic rule 
28 to the rules database 24. 

[0025] It is contemplated that although individual clinicians utilizing the 
monitoring system 10 may effectuate changes on the rules database 24, 
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it is also desirable for the logic rules 28 to be developed by experts within 
specialized fields of medicine. Thus, the present exemplary embodiment 
adapts the logic to add a new set of logic rules to the rules database 1 80. 
These new sets may replace existing rule sets 26 or may be added in 
addition to existing rule sets 26. In this fashion, specialized research 
facilities or renowned experts in specific medical fields may develop rule 
sets 26 that local medical facilities may add to their own rules database 
24. That way, the rule-based algorithms can be drawn from varying 
groups who are unrelated (i.e. they come from different companies, 
research institutions, and/or health care facilities which are not affiliated 
for the purpose of creating the rule-based algorithms). This can 
significantly improve the resources available to small entity physicians as 
well as interns and new physicians. The plurality of diagnostic 
statements 30 generated can allow a clinician with little or no expertise in 
a field to accurately diagnose conditions he may have otherwise required 
an expert to recognize. It is contemplated that these new sets of logic 
rules 26 may be made a available in a variety of fashions. For instance, 
rule sets may be available as a downloadable, or otherwise accessible, file 
from the internet, may be available on a computer readable medium, may 
be transferred wirelessly to the monitor, may be transferable across a 
health care facility's network (a network primarily established to connect 
the properties, equipment, and equipment of a health care facility - 
typically established as an intranet, WAN, or LAN), some combination of 
these methods, etc. 

[0026] One embodiment contemplates the sale of logic rule sets 26. as 
packages developed by individual expert consortiums or groups. Another 
embodiment contemplates their availability through a network 32 of 
monitors or medical facilities such that expertise in diagnosis can be 
pooled over the network 32 of facilities. This will allow an improvement 
in speed an accuracy of patient diagnosis over a large group of caregivers. 
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[0027] If a network 32 of facilities is used, each facility and/or 
monitoring system could include a network interface 31 that facilitates 
access to the network. A controller 13 would include logic 23 configured 
to control the transfer of rules-based algorithms across network 32. 
Algorithms could be transferable from a monitoring system to a data 
storage device (such as storing an algorithm that has been tailored to an 
individual and/or otherwise modified), they could be transferable within a 
health care facility, and/or they can be transferred amongst a number of 
facilities. Controller 13 could be configured to limit access to the rule- 
based algorithms. For instance, only people meeting a certain 
predetermined criteria may have access to the rule-based algorithms, or 
certain sets of the rule-based algorithms. The predetermined criteria may 
be the payment of a fee, being a member of a group or sub-group, being a 
user who has registered, being a user who has contributed to the 
development of the rule-based algorithms, etc. When algorithms are 
transferred a record of the transfer can be made. These records can be 
used for many purposes. For instance, a bill generator 33 may be used to 
generate a bill based on transference of the algorithms. 
[0028] Referring to Figure 3, a method for monitoring includes storing a 
set of rule-based algorithms at block 200 (stored within a monitoring 
system's memory or within a health care facility's network) and block 
215 (stored remote from the monitoring system and/or heath care 
facility's network). Each of the rule-based algorithms can be capable of 
generating a different response when applied to the same data. The rules 
to be applied are then determined at block 206. Determining which rules 
to apply can vary based on a number of factors. A rule or set of rules can 
be chosen by a user (such as from a list generated for the user), can be 
chosen based on characteristics of a subject, can be chosen based on the 
reason the subject is being monitored, and/or some other factor or 
combination of factors. The rules preferably relate, at least in part, to 
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vital signs/physiologic characteristics of a health care patient. The rules 
can be used to identify an occurrence of an event, such as a pattern, a 
sequence, and/or a combination of data. The rules are preferably able to 
be used to generate diagnostic interpretations, or at least information 
related to a diagnostic interpretation. 

[0029] Data is acquired at block 202. The data can be acquired from a 
single sensor, or a plurality of sensors, that are coupled to a subject 
(preferably a medical patient). If more than one sensor is being used, the 
sensors can be used to monitor a single characteristic of the subject being 
monitored (such as by using a variety of different techniques), a variety of 
characteristics of the subject being monitored, or some combination 
thereof. Data can be acquired from sources other than a sensor at block 
204. The data at block 204 can come from a user input, a file relating to 
the subject, a database of information (which may include a file relating to 
the subject), or some other non-subject source. 

[0030] The selected rule-based algorithm(s) are then applied based on 
the data at block 208. The rule-based algorithm(s) are used to generate a 
response at block 210. The response can be an alarm 218, an indication 
of an abnormal event, a list of problems, a diagnostic interpretation (or 
related information), a suggestion, or some other response. Information 
related to a diagnostic interpretation could include an interpretation of the 
data, a citation of resources which would aid a clinician in making a 
diagnosis, suggested tests or actions to take to make a diagnosis, a list of 
potential interpretations, a suggested response to an abnormal condition 
that may exist, and other similar information. Further, the response can 
include a plurality of views if a plurality of rule-based algorithms are used. 
For instance, one rule-based algorithm may give one suggestion and 
another rule-based algorithm would give another. If more than one view 
is generated, the views may be combined to give a certainty score (i.e. if 
five rule-based algorithms are used and they all agree, there is a stronger 
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degree of certainty, whereas if only three agree then certainty is less 
clear). Also, the views may be combined to generate an alarm 218, or a 
series of alarms depending on the amount of agreement between the rule 
sets. Even more, a single value for a characteristic can be generated 
based on the various data applied to a rule-based algorithm and/or based 
on the combination of the results of various rule-based algorithms. 
[0031] The response or responses can then be displayed at block 212. 
The responses can also be stored at block 216, such as in a record 
relating to the subject or the monitoring. The stored response can be 
used to later evaluate the effectiveness of the rule-based algorithms, 
and/or be used to later supply data relating to the subject. 
[0032] Rule-based algorithms can also be transferred to and from the 
set of stored rules at block 214. For instance, the rules database from 
which the rules to be applied are drawn may only temporarily store the 
rules for the purpose of applying the rules to the data. Also, rules can be 
added to (increase the number of stored rules) or removed from (decrease 
the number of stored rules) the rules database drawn from by a 
monitoring system. Transfer of the rule-based algorithms can be 
accomplished with any number of data transfer devices. For instance, an 
electronically recordable medium or a network interface may be used. 
Transfer of rule-based algorithms from one facility to another facility, as 
mentioned earlier, can be limited by any number of predetermined criteria. 
Further a bill can be generated at block 213 based on the transfer of data 
at block 214. 

[0033] The invention has been described with reference to various 
specific and illustrative embodiments and techniques. However, it should 
be understood that many variations and modifications may be made while 
remaining within the spirit and scope of the invention. For instance, while 
the invention is particularly useful for patient monitoring, some aspects of 
the invention are applicable to other monitoring activities. Also, reference 
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to multiple controllers is not meant to mean that the controllers are 
physically separate and distinct. Additionally, reference to a list of rule- 
based algorithms to apply could encompass a system that only applies 
one rule-based algorithm at a time. 
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